standard radiographic findings. Infectious agents were excluded. Histology of the lung biopsy/autopsy specimens showed leukaemic infiltrates. Pulmonary leukaemia may be the cause of pulmonary infiltrates, even in non-hyperleucocytosic AML patients with low blast counts.
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Leukaemic pulmonary infiltrates may occur in 20-30% of hyperleucocytic patients and are easily recognized by standard radiographic examination. In acute myeloid leukaemia (AML) without hyperleucocytosis, leukaemic pulmonary infiltrates are infrequently of radiographic and clinical significance, and are usually microscopic (Rosenow et al, 1985) . A review of the literature identified 11 adult patients with acute leukaemia, with respiratory symptoms and radiographic interstitial (eight patients) or focal (three patients) pulmonary infiltrates due to biopsy/autopsyproven alveolar leukaemic infiltration. All but one of these patients were affected by AML with the leucocyte count between 12 and 200 leucocytes · 10 /l. In all these patients, the leukaemic pulmonary infiltrates were strongly related to a high proportion of blast cells, with a peripheral blast count > 40% (Resnick et al, 1961; Geller, 1971; Prakash et al, 1979; Nelson & Ravreby, 1980; Kovalski et al, 1990) . Six children have been also reported, five with acute lymphocytic leukaemia and one with acute monocytic leukaemia, with dyspnoea, radiographic pulmonary infiltrates and biopsy-proven alveolar septal or nodular leukaemic infiltrates. Only the clinical features and scanty radiographic findings of leukaemic pulmonary infiltrates were reported in these patients (Winer-Muram et al, 1997) . In particular, high-resolution computerized tomography (HRCT) results have been reported in only one patient with AML with pulmonary infiltration, but the lack of clinical information on that patient enabled only limited interpretation of the radiographic findings (Heyneman et al, 2000) .
We report the results of detailed HRCT imaging of pulmonary infiltrates in four patients affected by AML without hyperleucocytosis and with a low numbers of peripheral blast cells, in which lung biopsy/autopsy findings were consistent with leukaemic infiltration.
PATIENTS AND METHODS
Four patients with AML presented with fever, dyspnoea, cough, and/or hypoxia and hypocapnia on blood gas analysis. Diagnosis of AML was assessed according to the French-American-British (FAB) classification of acute leukaemias, with the four patients each classified as M1, M3, refractory anaemia with excess blasts in transformation (RAEB-t) and M4 respectively (Table I) . Patients 2 and 4 were newly diagnosed; patients 1 and 3 were in relapse. The median white blood cell (WBC) count was 8AE6 · 10 9 /l (range 2AE8-16 · 10 9 /l). At onset of fever, all patients received third generation cephalosporine and Correspondence: Mario Luppi, MD, PhD, Department of Oncology and Haematology, Section of Haematology, University of Modena and Reggio Emilia, Modena, Italy. E-mail: mluppi@unimore.it aminoglycoside, as infectious pneumonia was both clinically and radiologically suspected, and then carbapenemes and glucopeptides. One patient also received cotrimazole and another ganciclovir, based on HRCT findings, which suggested Pneumocystis carinii and cytomegalovirus pneumonia respectively. All patients underwent bronchoscopy with bronchoalveolar lavage (BAL). Cultural, serological and molecular examinations on blood, urine, faeces and BAL samples were repeatedly negative for bacterial, fungal, viral and protozoan agents. Cytological analysis of BAL samples was unremarkable. Cultural and molecular examinations of lung tissue samples for infectious agents were negative.
Lung specimens were collected by transbronchial biopsy from patient 4, via video torachoscopic torachotomy from patient 2, and at autopsy from the remaining two patients. The histological samples were collected from different locations for each lung. Pulmonary infiltration of leukaemic blasts was revealed by May-Grunwald-Giemsa staining, and confirmed by immunohistochemical analysis using an alkaline phosphatase antialkaline phosphatase (APAP) technique and antimyeloperoxidase (anti-MPO) antibodies. All patients included in this study were evaluated with standard radiography and with HRCT of the chest. The longest time interval between chest radiography and HRCT scanning was 1 d. The longest time interval between HRCT scanning and histological sample acquisition was 2 d. The HRCT technique used (1-mm slice, 10-mm increments, inspiration) was previously described by Heussel et al (1999) . For the interpretation of the chest HRCT scans, the imaging criteria used were those suggested by Webb et al (1988) and according to the lung division of Weibel (1979) .
Patients 1 and 4 were treated with chemotherapy, including anthracycline, cytosine arabinoside and etoposide, while patient 2 received all trans retinoic acid and anthracycline. All four patients died of respiratory insufficiency. Patients 1 and 4 died 2 and 5 d, respectively, after the beginning of therapy. Patient 3 died of sudden respiratory arrest, the day after the HRCT scan. Despite a complete resolution of the pulmonary pattern, patient 2 died on d 19 from the beginning of chemotherapy from staphylococcal sepsis.
RESULTS AND DISCUSSION
The main clinical features, standard radiographic and HRCT findings of the four AML patients are summarized in Table I and in Fig 1A-D. Although the most frequent radiographic finding is an air-space disease with a diffuse interstitial reticular pattern in cases of hyperleucocytosis, in pulmonary leukaemia without leucocytosis a common or distinctive pattern of HRCT findings may not be clearly identified, raising problems of differential diagnosis, especially with the radiographic features of infectious disease in neutropenic patients. HRCT findings in viral pneumonia show interstitial, nodular or alveolar process plus ground-glass or reticular opacity. An air-space disease with or without Table I . Summary of haematological and radiographic findings in four AML patients with leukaemic pulmonary infiltrates.
Patient number sex/age (years) consolidation areas, cavitation process and effusions should raise the suspicion of bacterial pneumonia. Fungal pneumonia shows rapidly progressive nodular opacity, 'drowned-lobe', cavitation, air crescent or miliary pattern, and a halo sign. A less common finding may be represented by septic embolism of the lung with multiple, small nodules with cavitation and air-bronchograms, and thick septal lines. In the vast majority of patients with Pneumocystis carinii pneumonia HRCT findings include diffuse, bilateral, symmetric, finely granular or reticular infiltrates that may be interstitial or more air-space in nature (Heussel et al, 1999) . In leukaemic patients, non-infectious diseases (haemorrhage, cryptogenic-organizing pneumonia, pulmonary chronic graft-versus-host disease, adult acute respiratory distress syndrome) may also be associated with pulmonary infiltrates with a similar radiological appearance (Primack & Muller, 1994) . The present study provides the first description of the spectrum of HRCT imaging findings in AML patients with pulmonary leukaemia. It supports the inclusion of pulmonary leukaemia in the differential diagnosis of possible causes of pulmonary infiltrates in non-hyperleucocytosic patients, even when standard chest radiography is negative. HRCT, in combination with HRCT-guided trans-bronchial and video-thoracoscopic biopsies, may help in the early identification of pulmonary leukaemia with possible, relevant clinical consequences.
